Abstract. Although requirements analysis is acknowledged as a critical success factor of information system development for organizations, problems related to the requirements stage are frequent. Some of these problems are lack of understanding of the business by system analysts, lack of focus on the purpose of the system, and miscommunication between business people and system analysts. As a result, an information system may not fulfil organizational needs. To try to prevent these problems, this paper describes an approach based on business process modelling and purpose analysis through BPMN and the goal/strategy Map approach. The business environment is modelled in the form of business process diagrams. The diagrams are validated by end-users, and the purpose of the system is then analyzed in order to agree on the effect that the information system should have on the business processes. Finally, requirements are specified by means of the description of the business process tasks to be supported by the system.
Introduction
Requirements analysis has been widely acknowledged as a critical success factor of software projects [31] . If not properly addressed, requirements can cause a project to fail. Nevertheless, practical experience proves that problems can easily arise from the requirements stage of information system (IS) development for organizations. Some of these problems are lack of understanding of the business by system analysts, lack of focus on the purpose of the system, and miscommunication between business people and system analysts. Since these problems can hinder business/IT alignment [20] [25] , the IS does not fulfil organizational needs.
Requirements must be defined in terms of phenomena that occur in the business environment [36] . However, it is common for requirements documentation to be solution-oriented, to not reflect the business environment, or to only consist of a data model in the form of a class or entity-relationship diagram. As a solution, the requirements engineering community has acknowledged the importance of the use of business concerns to drive requirements elicitation [29] . More specifically, the importance of organizational modelling during requirements analysis [18] and the role that system analysts must play as business analysts [16] have both been acknowledged. Organizational models depict the structure and behaviour of an organization and are very useful in helping system analysts to properly understand the business environment and the system requirements. Among other approaches, business process modelling has been declared as a good approach for organizational modelling and also as a must for IS development [2] [13] .
Nevertheless, business process models are not always enough to analyze the business context. Organizations often decide to introduce or modify an IS to solve a specific problem or need. These problems or needs correspond to the goal that the system must fulfil, i.e., the system purpose. Therefore, it is important for system analysts to explore the goals of different stakeholders and the activities that they carry out so that they can define purposeful requirements [26] . When the system purpose is not very complex, it can be directly analyzed on business processes, but sometimes it requires a deeper analysis. In the latter case, the use of a goal-driven approach that facilitates purpose analysis helps to better understand the system purpose and, consequently, to better respond to end-user needs.
Furthermore, good communication between business people and system analysts is essential at the requirements stage [17] . However, it can be difficult to achieve because of the existence of a gap between business and computing domains [32] that can cause mismatches between what end-users say and what system analysts understand. One reason for miscommunication is that the requirements models used to interact can be hard to understand and validate by end-users because of their lack of computing background. Therefore, models that facilitate communication during requirements analysis should be used. According to the software community [8] and to cognitive experiments [1] , the use of process models when developing an IS can make human understanding and communication easier, and can help interaction between system analysts and end-users. This paper presents a requirements analysis approach based on business process modelling and purpose analysis in order to try to prevent the problems described above. It is the result of a project between the Technical University of Valencia and the company CARE Technologies (http://www.care-t.com). The approach is characterized by the use of business processes for organizational modelling and as starting point of requirements analysis, the focus on system purpose, the use of BPMN [23] for business process modelling, the use the goal/strategy Map approach [27] for system purpose analysis, the detailed specification of functional requirements, and the involvement of end-users. This involvement is very positive when modelling an organization [30] and is a success factor in software development [31] .
Organizations are modelled in the form of business process diagrams. The diagrams are validated by end-users, and the system purpose is then analyzed in order to come on agreement on the effect that the IS should have on the business processes. Finally, requirements are specified by means of the description of the business process tasks to be supported by the IS. These well-defined requirements are the input of the subsequent development stages.
The paper is organized as follows: section 2 describes the notations of the approach; section 3 describes the case study; section 4 presents the description of the approach; subsections 4.1 and 4.2 describe purpose analysis and functional requirements specification in detail; section 5 describes the practical experience using the approach; section 6 revises related work; finally, section 7 presents our conclusions and future work.
Notations of the Approach
The approach uses two notations: BPMN and Map. This section describes them briefly and justifies their selection for business process modelling and purpose analysis. Their joint use is also explained and justified. For further details about BPMN and Map, see [23] and [27] , respectively.
BPMN
We use BPMN for business process modelling. Its creators argue that it offers a notation that is understandable by all business process users (process analysts, IS developers, process managers…). Therefore, BPMN provides a standard that fills the gap between business models and their implementation.
The notation consists of a diagram, called Business Process Diagram (BPD), whose aim is to provide a means for the development of graphical models of business process operations. A BPD is designed from a set of graphical elements that make diagrams simple to develop and easy-to-understand. The graphical elements are flow objects (activities, gateways and events), connecting objects (sequence flows, message flows, and associations), swimlanes (pools and lanes), and artefacts (data objects, annotations, and groups).
With regard to the choice of BPMN, several surveys have evaluated its adequacy for business process modelling and have compared it with other notations. These surveys are based on different criteria, such as workflow patterns (e.g. [34] ), quality principles (e.g. [22] ), or the BWW representation model (e.g. [28] ). From the result of these studies and our own experience, BPMN has three main advantages: it is probably the most expressive notation, it is easy to use and understand, and it is receiving strong support from practitioners and vendors. As a result, BPMN is considered the de facto standard for business process modelling.
Map
Map is a goal-driven approach whose aim is to capture the intentions (goals) of an enterprise or system and determine the strategies that can contribute to the fulfilment of these intentions. The emphasis on the concept of strategies as ways to achieve goals distinguishes Map from other goal-based approaches. This emphasis is motivated by the fact that stakeholders do not naturally make the distinction between goals and strategies, and, as a consequence, pitfalls can arise [27] . The size of a goal model can unnecessarily increase when strategies are expressed as goals, alternative ways to make the business can be more difficult to discover, and recognizing stable elements in a business (intentions) versus more versatile ones (strategies) can be more difficult. In addition, Map promotes variability analysis at the requirements stage.
Map diagrams consist of a graph (called map) whose nodes are intentions and whose edges are strategies. An example is shown in Fig. 1 . An edge entering a node identifies a strategy that can be used to achieve the intention of the node, so a map shows which intentions can be achieved by which strategies. Each map has two special intentions, Start and Stop, associated with the initial and final state, respectively. The aggregation of a source intention, a target intention, and a strategy is called section. Sections can be refined in another map. [27] Of all the goal-based approaches available within requirements engineering and business process reengineering, we use Map for the following reasons: it focuses on strategies to achieve goals; it has only two main concepts (goal and strategy), thus facilitating its use and understanding; and it does not deal with tasks, which we prefer to consider on a BPD instead of on a goal diagram.
Map has been used in several projects and in different areas, including business process modelling (for detailed references, see [27] ). An important advantage of Map is that it encourages customer participation and helps to solve communication problems between business people and system analysts. However, we think that other notation should be used for business process modelling. We base this opinion on the criteria that are usually analyzed when evaluating business process notations, as described above for BPMN. The use of just two main concepts (goal, strategy) is useful for purpose analysis, but it is a drawback when addressing business process modelling because the models are neither detailed nor expressive enough to have a deep understanding and knowledge of business processes.
In summary, we think that BPMN and Map can complement each other. BPMN is better suited for business process modelling, but it does not provide any mechanism for system purpose analysis so that a new business process that fulfils organizational needs is designed. Map focuses on system purpose, and the use of strategies allows its graphs to be simpler than the goal diagrams of other approaches. As a result, the approach benefits from the features of both BPMN and Map.
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Case Study
As a case study, we will use the business processes for the product development of a software company (Fig. 2 ). The organization develops a software product that is provided to several customers. The product is standard, so no customer has a personalized product. However, customers can request improvements in the product, and the requests are included in future versions of the product.
Define Product Workflow

Define Work Item
The product manager defines the set of activities that has to be carried out to develop the product through product workflow. When a customer requests a new improvement, an employee defines the work item that is necessary to provide the customer with the request. Next, employees are assigned the activities that are necessary to develop the work item, and employees have to estimate how long the activities will take. The product manager is also responsible for the periodical creation of product versions, which have a strict deadline, and must decide the version in which a work item will be developed. Afterwards, employees carry out the activities in order to finish the work item and deliver the requested improvement, and the product manager checks that version development is correct. However, problems may arise while developing versions. Employees may not be able to finish the activities they are responsible for due to time constraints. If a problem arises, the product manager has to try to solve it.
Approach Description
The approach (Fig. 3) consists of three stages: organizational modelling, purpose analysis, and functional requirements specification. The first one depicts the current business environment (As-Is), which has a problem or need that could be fulfilled by an IS. The organization will change to solve the problem (To-Be), and the change will have an effect on business processes. In the first stage, the organization for which the IS is going to be developed is modelled. For this purpose, the information gathered is a glossary, the business events, the business rules, and a role model. BPDs of the organization are created from this information. The diagrams must be validated by the end-users in order to guarantee that the organization has been properly modelled and understood. Several iterations are usually needed to get the final version.
The organizational problem or need is analyzed during purpose analysis stage. The aim is to find system strategies that can solve the organization problem, determine how to operationalize the strategies, and agree on the effect that the development of the IS may have on the business processes. This effect is the support or control that the IS will have on them. As a result, business process elements are labelled according to the effect that the operationalization of the strategies will have on them, and changes in the business process can occur.
Finally, functional requirements are specified by means of the description of the business process tasks to be supported by the IS. Every task will have a textual template that describes it. The set of templates will be the starting point of the rest of the development stages.
For brevity, the organizational modelling stage is not described in the following sections, so only the purpose analysis and functional requirements specification stages are detailed.
Purpose Analysis
After organizational modelling, the system analyst has enough knowledge about the business processes to properly understand the organization activity. Nevertheless, the analyst also needs to understand the organizational problem or need. Consequently, purpose analysis is carried out from the business processes and the organizational problem or need to be fulfilled.
The introduction or modification of an IS in an organization can cause business process reengineering. An IS can initiates and supports reengineering before, during or after a process is designed [3] . In our approach, IS is a facilitator of the changes in the business processes because its effect is taken into account while designing the new processes. The new business processes (To-Be) are designed from the original ones (As-Is), the organizational needs, and the solutions that the IS can provide. IS will support business processes, and business processes are designed in terms of the IS capabilities.
Purpose analysis consists of three stages: map construction, map operationalization, and BPDs creation and labelling.
Map Construction
The organizational problem or need is modelled in a map where the solutions that the IS can provide are analyzed. The map is created in a participative manner between the system analyst and end-users, so they can agree on the solution. First, a map is created to analyze the problem or need. Second, the goals that the end-users want to achieve in order to solve the problem through the use of the IS are modelled as intentions (nodes). Third, system features that can fulfil the end-user goals are modelled as strategies (edges), which link the nodes. Finally, sections are refined if needed. These guidelines are based on the map construction process [27] , but we have adapted them to the specific use of defining system strategies to fulfil end-user intentions.
The map that corresponds to the case study is shown in Fig. 4 . The organization has been experiencing problems with delivery requests. Lack of knowledge about version development has caused requests to be delivered later than expected by customers. As a result, the customers have complained, and the strategic goal "Keep customer satisfaction" is not met. The main reason for the delay is that activity development is not always performed as planned because of the great amount of work that employees have to do. The product manager needs to be able to better project, for example, if an employee will miss working days, or if an employee has spent more time than planned on an activity. The product manager needs to foresee problems and find solutions quickly. In addition, employees need to be able to determine more accurately the time they have at their disposal to finish the activities that are in their charge of and how long these activities will take.
To solve these problems, employees wanted the IS to facilitate the work item development and to improve the knowledge they have about the status of the activities that they have to carry out. The product manager wanted the IS to improve the knowledge about the status of the versions and to minimize the time that takes a request to be delivered. The system analyst proposed system features that could fulfil these intentions and modelled them in the map in accordance with end-users. 
Map Operationalization
When the map is finished, the system analyst has to determine how to operationalize the map strategies, and come to an agreement on the effect that the operationalization will have on the old business process. Existing BPD elements can be removed or maintained, and new elements may be introduced. To facilitate this analysis, a table with three columns is created: a column to list the strategies; a column to list the BPD elements that will operationalize each map strategy and specify if the element has been removed (R), maintained (M), or it is new (N); and a column to specify the participant that will be in charge of the element. Table 1 shows the BPD elements that operationalize each map strategy for the case study. There are several new elements: "Start activity" refers to the task in which an employee begins the performance of an activity and has to receive the necessary documents to carry out the activity; "Finish Activity" refers to the task in which an employee finishes an activity and has to share the documents related to the activity performance; "Manage Calendar" refers to the task in which an employee divides the time that can spent in a working day; "Need to start activity" refers to the condition in which an employee must be notified that an activity has to be started in order to finish the work item before version deadline; "Change Activity Assignment" refers to the task in which a product manager changes the employee that is responsible for an activity in order to finish a work item before version deadline; "Change Work Item Version" refers to the task in which the product manager changes the version of a work item due to some problem; "Version deadline" refers to the moment in which the date of version release is reached; "Release Version" refers to the task in which the product manager releases a finished version. Table 1 . BPD elements that operationalize the map strategies of the case study With regard to how the BPD elements operationalize the map strategies, we will use the map strategy "by following workflow" as example. The BPD elements that operationalize the map strategy are "Define Product Workflow" because it is the task in which the activities and documents of the product workflow are defined, and "Assign Activity to Employee", "Start Activity", "Finish Activity" and "Carry out Activity" because they refer to activities of the product workflow. Therefore, the workflow is followed because of the execution of these tasks.
BPDs Creation and Labelling
Finally, the system analyst and the end-users agree upon the design of the new business process. First, changes in the BPDs are modelled, i.e., elements can be removed or introduced according to the operationalization of the map strategies. Next, BPD elements are labelled according to the IS support on them. Tasks, events with triggers, and gateways that depict decisions are labelled as: "O" (out of the system), if the element will not be part of the IS; "IS" (controlled by the system), if the IS will be in charge of its control and execution with no human participation; or "U" (executed by a user), if the element will be executed by a person that interacts with the IS.
For the case study, Fig. 5 shows the new business processes. The business processes have changed as a result of the introduction of the IS. Several new tasks and events have been defined, and there is a new business process (calendar management) and a sub-process (problem resolution). An interesting fact is that, as acknowledged by other authors [4] , the new BPDs (software development-oriented) are more detailed than the original BPDs (organizational documentation-oriented). After labelling, the data objects that are input and output of every task to be supported by the system are defined. The state of the data objects before and after the execution of the task is specified. In order to keep Fig. 5 as simple as possible, the data objects are not shown for this case study.
Requirements Specification
In the last stage of the approach, functional requirements are specified from the labelled BPDs. For this purpose, business process tasks to be supported by the system are described through a textual template.
The content of the template is based on essential use cases [7] and task & support descriptions [19] . An essential use case is a simplified form of use case that depicts an abstract scenario for a complete and intrinsically useful interaction with a system from the perspective of users. A task & support description is a way to express what the system actors want to perform, including domain-level information and how a new system could support an activity to solve a problem. Both essential use cases and task & support descriptions contain the fewest presuppositions about technology.
An example of task template is shown in Table 2 . It corresponds to the task "Carry out Activity" of the case study. A task template includes the business process to which the task belongs, the name of the task, the role responsible for its execution, the triggers, preconditions and postconditions of the task, the input and output data and their states, a specification of the interaction between a user and the IS through user intention and system responsibility, and the business rules that affect the task. • An employee can only carry out an activity at the same time • An employee can only carry out activities that have been assigned to him All the information of a task template comes from its BPD. The name of the business process and the name of the task are the same as in the BPD. The role is the participant in the business process that is in charge of the task. The triggers correspond to the events with a trigger that precede the task in the business process and are part of the IS. The preconditions correspond to the gateways that precede the task, represent decisions, and are part of the IS. The postconditions correspond either to the gateways that follow the task, represent decisions that can make the business process iterate and are part of the IS, or to the end events with a trigger that follow the task and are part of the IS. The input and output of the task are its data objects in the business process. User intention and system responsibility are defined from the behaviour of the participant in charge of the task when executing it and how the system will support it. User intention may include actions that do not represent interactions with the system, and the system responsibility must be agreed upon with the end-user. Finally, the business rules specified in the template correspond to business rules that define or constrain the task, could not be modelled graphically, and have to be supported by the system. After every business process task has been described, the subsequent development stages will be based on the task templates in order to provide the organization with an IS that fits its needs, its structure, and its behaviour.
Practical Experience
As explained above, the approach is the result of a project with a company, CARE Technologies. The purpose of the project is to solve problems related to the requirements stage by trying to link business and software domains.
After analyzing the requirements practices of the company, we identified problems related to business understanding, purpose analysis, and communication with endusers. The company uses OO-Method [24] , a methodology for automatic software generation based on conceptual modelling. The data conceptual schemas consist mainly of a class diagram that is enriched with functional information about the result of class service execution. Analysts just provide some textual description about the requirements and validate them on the class diagram or on the generated application.
Although analysts feel comfortable with this technique, we think it could be improved. Some authors have stated that class diagrams alone might not be appropriate for communicating and verifying requirements, that there are few studies addressing the ability of end-users to understand class models, and that they can be complex for people that have not been trained in object-oriented modelling [12] . In addition, objects might not be a good way of thinking about a problem domain [33] .
The approach has been used in four real projects in order to evaluate it and try to find improvements. It has been refined gradually based on the comments of both customers and analysts. The organizations for which the systems were developed were an apartment rental company, a car rental company, the organization of a golf tournament, and the organization of this case study. They were small/medium size projects. CARE had developed software for the organizations previously, so both the technique they usually use and our approach could be compared.
The system purpose was analyzed on the BPDs before the case study project. The reason for this is that the purpose analysis of the other projects was less complex, and thus easy to analyze. The introduction of the new IS did not change the business processes significantly, and the result was automation rather than reengineering. However, the system analysts said that some technique for purpose analysis would be helpful for the product development project.
We held between 2 and 5 meetings with end-users to obtain the business process models of the organizations, 1 meeting for purpose analysis, 1 or 2 meetings to define the task templates, and 1 meeting to validate the entire requirements specification. Another meeting was held in order to talk about the experience with end-users and analysts. Each meeting took approximately 2 hours.
As expected, the end-users stated that they could understand and validate the requirements models of the approach more easily than the class diagrams, thus facilitating communication and interaction. They also felt more involved in system development and claimed that they had a more participative attitude.
When asking analysts about the usefulness of the approach, we obtained different opinions. Although all the analysts stated that the approach allowed them to better understand the organizations, the system purpose, and, consequently, the requirements, there were some analysts who did not think that the approach could improve their job significantly and would probably not use it.
We do not find these comments about the approach discouraging. The analysts who did not think that the approach was very useful were senior analysts that are already very skilled in using OO-Method and interacting with customers. They usually model the systems while the customer describes what the system should do, so they can quickly generate it, validate it, and fix it if needed. However, most of the junior analysts, who have less experience in dealing with customers and, therefore, in understanding what is needed, considered that the approach could really help them.
We think these results are a reflection of common practices in IS development. Models are only used when they are believed to be useful [10] . In our case, some senior analysts do not think that the approach can accelerate their job, whereas junior analysts think that it can improve their performance.
Another interesting subject that arose while discussing the approach was the viewpoint to use when defining strategies in the map. We recommended the system analysts to include both system and enterprise strategies in order to better analyze the problem. However, they argued that the company mission was software development, not business consultancy. System analysts believed that BPDs and end-users goals were enough to properly understand the organization. Therefore, they did not consider business strategies that would not be supported by the IS to be useful for their work.
Finally, this practical experience has some limitations. First, the approach has to be used in more projects to draw definite conclusions. Second, the opinions of end-users and the analysts were obtained by discussing with them informally, so we are now designing a form to survey the next projects. Last but not least, we want to asses the approach by means of experiments with students and analysts from other companies.
Related Work
The need of organizational modelling and system goal analysis has been widely acknowledged within requirements engineering. Many approaches consider them to be the first step in software development, and some approaches use business process modelling. Nevertheless, the approaches usually focus on only one of the issues, and the use of models and techniques that facilitate the communication is not common.
Goal-oriented approaches have played an important role within requirements engineering. They try to solve the problem of systems that do not properly respond to organizational and user needs. Despite the acknowledged contributions of goaloriented approaches, they have some weaknesses [26] . In our opinion, the main weaknesses are that goals might not provide a good starting point for requirements analysis, goal reduction is not straightforward, and most of the approaches do not pay enough attention to business concerns and business process reengineering. Apart from Map, two well-known approaches are i* [35] and KAOS [9] . i* is focused on the modelling of dependencies among the organizational actors in order to achieve organizational goals. It has been used in several software development methods, such as Tropos [6] or RESCUE [21] . However, several weaknesses have been identified by practitioners (e.g. [15] ). i* diagrams might be too complex, and they should better support granularity and refinement.
KAOS requirements models are built from organizational goals. These goals are systematically refined to operational requirements through refinements patterns. KAOS also uses an object model, an agent responsibility model, and an operation model. When comparing the use of KAOS with Map, we have obtained simpler goal models with Map because of its focus on strategies. In addition, KAOS does not provide any mechanism to model and analyze business processes.
Among organizational modelling-based approaches, EKD [5] and ARIS [11] provide ways of analyzing an enterprise by using enterprise modelling. EKD is composed of a goal model, a business rules model, a concepts model, a business process model, an actor and resources model, and a technical components and requirements model. ARIS consists of five views: organizational view, data view, control view, function view, and product/service view. In our opinion, when using EKD and ARIS for tailored software development, their requirements specifications should be more detailed, and they should be more focused on goal analysis. EKD also lacks tool support that facilitates the development and maintenance of all its models. In addition, as we have stated above for Map, BPMN is better suited for business process modelling than the notations that EKD and ARIS propose.
Some approaches use UML for organizational and business process modelling (e.g. [14] ). These approaches use elements that are close to those elements used in the software development area. This fact is a drawback, because the models are easy to use and understand by system analysts but might be too complex to be validated by end-users. In addition, the UML-based approaches do not focus on goal analysis.
Conclusions and Future Work
Requirements analysis is still a stage of software development where mistakes are common. Therefore, it can be the source of problems in subsequent development stages and can cause an IS not to fulfil the real needs of the organization where the IS has to be modified or introduced. Some of the mistakes detected in practice are the lack of understanding of the business by system analysts, the lack of focus on system purpose, and miscommunication between business people and system analysts. This paper has described an approach to try to prevent these problems based on the modelling of an organization by means of BPMN and the goal/strategy Map approach. The approach allows system analysts to properly understand and analyze the organization, its needs, and the system goals in a participative way with end-users. Business people and system analysts share a common language that is understandable to both of them thanks to BPMN, Map, and task templates. BPDs are the basis for the end-user to validate that the organization structure and behaviour have been properly understood so that the system analyst can propose solutions based on the system purpose. Furthermore, the approach tries to mitigate the weaknesses of a separate use of BPMN and Map, and benefit from the advantages of their joint use.
Apart from the improvement in the surveys, the next steps in the project are the development of a tool that supports the approach, the introduction of a technique for the analysis of non-functional requirements, and the linking of the approach with OOMethod. In addition, we want to extend the approach by introducing information about the user interface in the task template in order to derive an abstract description of the interaction between the users and the IS.
